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Description 

[0001] The present Invention relates to a process of producing hydroxyalkanal by hydratlng an unsaturated aldehyde 
with a solution In trie presence of a catalyst 
5 [0002J In conventional processes, an unsaturated aldehyde, namely, acrolein, is hydratsd wllh a solution In the pres- 
ence of a catalyst to obtain hydroxyalkanal, namely. 3-hydroxypropana|(3-hydroxyproplonaldehyde), which will be ex. 
plained In the following paragraphs. 

[0003] U.S. Patent No, 2,434,110 discloses a process. In which a mineral acid, such as a sulfuric acid, Is used as a 
homogeneous acid catalyst for the above reaction step. However, 3-hydroxypropanal retains low selectivity In this 
10 process, and thus Is not produced efficiently. In addition, neither 3-hydroxypropanal Is readily separated from the ho- 
mogeneous catalyst, nor the catalyst can be re-used easily. 

[0004] To eliminate such a drawback, processes for Improving the selectivity of 3-hydroxypropanal are proposed in 
the undermentioned publications. U.S. Patent No. 3.536,763 discloses a process, in which an acid ion exchange resin 
Is used as an heterogeneous acid catalyst for the above reaction step. U.S. Patent No. 5,015,789 and U.9. Patent No. 

is 5,171,898 disclose processes, In which an ion exchange resin containing a phosphonate group, an amino group, or 
an amlnophosphate group is used as a heterogeneous acid catalyst for the above reaction step. LLS. Patent No. 
5,093,537 discloses a process, in which aJumina bonding zeolite is used as a heterogeneous acid catalyst for the above 
reaction step. U.S. Patent No. 5,276,201 discloses a process, In which Ti0 2 carrying a phosphoric acid is used as a 
heterogenous acid catalyst for the above reaction step. Also, U.S. Patent No. 5,284,979 discloses a process, In which 

3t) the above reaction step is performed using a buffer solution containing a carboxyllc acid and tertiary amine In the 
presen ce of a n acid ca talyst. 

[0005] If a resulting solution of the raw material, acrolein, has low density (I.e., lower than 20 percent by weight), 
3-hydroxypropanal retains satisfactory selectivity, thereby making It possible to obtain 3-hydroxypropanal at high se- 
lectivity by the above processes. 

m [0006] However, the Inventors of the present Invention found that when an Industrially advantageous high-density 
acrolein solution [le*, 20 or more percent by weight) is used for the reaction In each of the above processes, a reaction 
product, 3-hydroxypropanal, triggers an active consecutive reaction (side reaction) because It has an aldehyde group. 
In other words, the above processes have a drawback that the selectivity from acrolein to 3-hydroxypropanal. and 
hence the selectivity of 3-hydroxypropanal is reduced as the density of the solution Increases. 

30 [0007] In addition, the heterogeneous acid catalysts used In the above conventional processes have poor resistance 
to heat. Thus, if a reaction temperature js raised (over 65°C) to accelerate the hydration reaction, the heterogeneous 
acid catalysts are deactivated, thereby reducing the selectivity of 3-hydroxypropanal. Further, although the reason why 
is not apparent, the metal-carrying heterogeneous acid catalysts used in the above conventional processes retain a 
low reaction rate in hydration, thereby reducing an industrially advantageous short-time conversion of acrolein. 

35 [0008] Therefore, these processes are not industrially satisfactory, because not only the conversion of acrolein is 
low, but also the reaction rate can not be Increased by heating, besides the yield of 3-hydroxypropanal can not be 
improved by increasing the density of acrolein solution. 

[0009] It is therefore an object of the present Invention to provide a process of producing hydroxyalkanal capable of 
(1) increasing a reaction rate by heating while improving an Industrially advantageous short-time conversion of an 

49 unsaturated aldehyde with the use of a heat-resistant catalyst, and (2) producing hydroxyalkanal at high yield and 
selectivity out of an industrially advantageous high-density unsaturated aldehyde solution. 
[0010] To fulfil the above object, the inventors of the present Invention performed experiments of processes far pro- 
ducing hydroxyalkanal by hydratlng an unsaturated aldehyde with a solution In the presence of a catalyst, and found 
that the selectivity from an unsaturated aldehyde to hydroxyalkanal and the yield of hydroxyalkanal were improved 

« when the catalyst was a caiboxylio-acld-based resjn having a substitutional group of a specific structure, and/or a 
carboxyllc-acld-based resin made of a copolymer of an unsaturated monomer (A) containing a carboxyl group with an 
unsaturated monomer (B) containing an amide group or both amide and amino groups. It was also acknowledged that 
the carboxyllc-acW-based resin serving as the catalyst retained excellent heat resistance and the reaction temperature 
could be raised, thereby making it possible to increase the reaction rate by heating. In other words, the gist of the 

so present Invention Is to use a heat-resistant carboxy||c-add-basBd resin as a catalyst, and the effects are that (1) the 
reaction ratB can be raised by heating, and (2) hydroxyalkanal can be produced at high selectivity and yield out of an 
industrially advantageous high-density unsaturated aldehyde solution. 

[0011] The inventors of the present Invention also found that the reaction rate of the hydration was increased and 
the selectivity from an unsaturated aldehyde to hydroxyalkanal and the yield of hydroxyalkanal were also Improved 
55 when the catalyst was a metal-carrying Ion exchange resin. In other words, the gist of the present Invention is to use 
a metal-carrying Ion exchange resin as a catalyst, and the effects are that (1) an industrially advantageous short-time 
conversion of an unsaturated aldehyde is Improved, and (2) hydroxyalkanal can be produced at high selectivity and 
yield out of an Industrially advantageous high-density unsaturated aldehyde solution. 
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(001 2] To fulfill the above object, a process of producing hydroxyalkanal in accordance with the present invention is 
characterized by comprising a step of hydrating an unsaturated aldehyde expressed by Formula (I) below with a solution 
in the-presence of a carboxylic-acid -based resin containing a substitutional group having at least one structure selected 
from a group consisting of structures expressed by Formulas (II), (III), (IV) below: 



R 

H 2 C=CCHO ( I ) 



where R represents a hydrogen atom or hydrocarbon group having up to five cartons; 



15 



X-( -CH a - ) w -C-N-[ - ( -CH 2 -) 3l ~YM al -R 2 

l ! 



(II) 



where R 1 and R 2 respectively represent a hydrogen atom, hydrocarbon group having up to five carbons, or 
CH 2 -) p1 - x Group, p 1# k v and m., respectively represent an Integer from zero to six, ^ represents an integer from 
one to six, Y 1 represents -0-, -S-. or -NR r , R 3 represents a hydrogen atom or hydrocarbon group having up to 
25 five carbons, and X represents a carboxyllc-acid-based resin main body; 



30 



X-(-CH 2 -)„-N- 



■C = O 



(Ill) 



whBre R 4 and R 5 respectively represent a hydrogen atom or hydrocarbon group having up to five carbons, ^ 
represents an integer from zero to slx f q 1 represents an Integer from three to six, and X represents a carboxyllc- 
acid-based resin main body: 



40 



I 9 
R 6 O 



(IV) 



4& where Re represents a hydrogen atom, hydrocarbon group having up to five carbons, or •(•CH 2 -)p 2 -X group. p 2 
represents an Integer from zero to six, R 7 represents a hydrocarbon group having up to five carbons or -(-CH 2 -)p3- 
X group, p 3 and k a respectively represent an integer from zero to six, and X represents a carboxyticTecid-based 
resin main body. 

«> [001 3] According to the above process, not only a reaction ratB can be increased by heating, but also the consecutive 
reaction (side reaction) of the reaction product, namely, hydroxyalkanal, Is curbed, thereby making it possible to produce 
hydroxyalkanal at high selectivity and yield out of a high-density unsaturated aldehyde solution. That is to sey, using 
a heat-resistant carboxyllc-acid-based resin can Increase the reaction rate by heating and trigger a reaction of an 
Industrially advantageous high-density unsaturated aldehyde solution, thereby Improving the yield of hydroxyalkanal. 

« [0014J To fulfill the above object, a process of producing hydroxyalkanal in accordance with the present invention Is 
characterized by comprising a step of hydrating an unsaturated aWehyde expressed by Formula (I) with a solution in 
the presence of a carboxyllc acid based resin as described above but which Is a metal-carrying ion exchange resin. 
[00151 According to the above process, not only a reaction rate can be Increased, but also the consecutive reaction 
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(side reaction) of the reaction product, namely, hydroxyalkanal, Is curbed, thereby making it possible to produce hy- 
droxyalkanal at high selectivity and yield out of a high-density unsaturated aldehyde solution. That Is to say, using a 
metal-carrying Ion exchange resin can improve an Industrially advantageous short-time conversion of an unsaturated 
aldehyde, and trigger a reaction of a high-density unsaturated aldehyde solution, thereby improving the yield of hy- 
d droxyalkanal. 

[001 6] Other objects and advantages of the present invention will become apparent from the detailed desert ptio n to 
follow taken In conjunction with the appended claims. 

[001 7J The raw material of the present invention, namely, an unsaturated aldehyde (2-alkenal) expressed by Formula 

(I) mentioned above, is not especially limited. In Formula (I), however, a substitutional group represented by R Is a 
10 hydrogen atom or hydrocarbon group having up to five carbons, end the hydrocarbon group referred herein (s a methyl 

group, ethyl group, propyl group, butyl group, or amyl group. Examples of the unsaturated aldehyde are; acrolein, 
methacrolein, 2-formyM-butene, 2-formyl-1-pentene t 2-formyM-hexene, 2-formyM-heptene, and the like. Of all these 
examples, a preferable unsaturated aldehyde is acrolein. 

[0018] According to the process in accordance with the present Invention, either 2-hydroxyaikanal or 3-hydroxyal- 
re kanal is selectively obtained from these examples. Mora precisely, In case of acrolein whose substitutional group rep- 
resented by R In Formula (I) is a hydrogen atom, 3-hydroxya|kanal, namely, 3-hydroxypropanal (3-hydroxyproplonal- 
dehyds) is selectively obtained. In case of an unsaturated aldehyde whose substitutional group represented by R in 
Formula (I) Is a hydrocarbon group, 2-hydroxyalkanal Is selectively obtained. Note that 3-hydroxypropanal, obtained 
when acrolein Is used as the unsaturated aldehyde, Is an industrially important raw material of 1 ,3~propaned1oJ. 
20 [0019] The density of an unsaturated aldehyde solution (hereinafter referred to as the density) Is, although ltdepends 
on unsaturated aJdehyde's solubility to water, a reaction temperature, etc.. preferably In a range between 5 percent by 
weight and saturation, more preferably In a range between d percent by weight and 50 percent by weight, further 
preferably In a range between 20 percent by weight and 50 percent by weight, and most preferably in a range between 
25 percent by weight and 40 percent by weight The density lower than 5 percent by weight is not preferable because 
w the yield of hydroxyalkanal Is reduced. The density exceeding the saturation b not preferable either because an un- 
dissolved unsaturated aldehyde triggers a polymerization reaction or the Ilka, and thus reduces the selectivity to hy- 
droxyalkanal. 

[0020] The catalyst used in the present Invention may be 

30 (1) a carboxyllc-acld-based rosin containing a substitutional group having at least one structure selected from a 

group consisting of structures represented by Formulas (II), (ill). (IV) mentioned above; 
(2) a carboxyllc-acld-based resin as described In (1) above which Is made of a copolymer of an unsaturated mon- 
omer (A) containing a carboxyl group with an unsaturated monomer (B) containing a amide group or both an amide 
and amino group ; or 

^ (3) a carboxyllc acid based resin according to (1) or (2) above which Is a metal-carrying (on exchange resin. 

[0021] In short, the catalyst used In the present Invention Is (1) a carboxylic-acld-based resin containing a substitu- 
tional group having at least one structure selected from a group consisting of structures expressed by Formulas (II) 
through (IV). (2) a carboxyllc-acld-based resin made of a copolymer of the unsaturated monomer (A) with the unsatu- 

to rated monomer (B)> or (3) a metal-carrying Ion exchange resin. One or more than one of thBse catalysts are used. 
Note that In Formulas, X represents a carboxylloacld-based resin main body, and a carboxyllc-acld-based resin 13 a 
polymer containing a number of free carboxyl groups. Also, a hydrocarbon group having up to five carbons referred In 
Formulas (II) through (IV) is a methyl group, ethyl group, propyl group, butyl group, or amyl group. 
[0022] A carboxyllc-acld-based resin containing an amide group (substitutional group) having a structure expressed 

4S by Formula (II), (ill), or (IV) is not especially limited. The carboxylic-acld-based resin main body may be a homopolymer 
of monomers (hereinafter referred to as comonomer for the explanation's convenience) containing a carboxyl group 
or a copolymer of a monomer containing a carboxyl group with another polymer which can copolymerize with the 
aforementioned monomer containing a carboxyl group. 

[0023] The monomer containing a carboxyl group Includes, but is not limited to, a carboxylfc add, such as a (meta) 
w acrylic acid, a maleic acid, and a fumade acid. One or more than one of these monomers are used as occasion demands. 
[0024] The comonomer may be, but is not limited to, a monomer including an olefin group. Examples of the comon- 
omer are: ester of the above-mentioned monomer containing a carboxyl group, styrene, vlnylpyridlne. The comonomer 
may also contain a function group other than the carboxyl group, such as a phosphate group, a sulfonate group, 
hydroxy! group. One or more than one of these comonomers are used. 
55 [0025] Of all the carboxyllo-acid-based resins Including an amide group having a structure expressed by Formula 

(II) , a carboxylic-acld-based resin whose bivalent substitutional group represented by Y n Includes either a nitrogen 
atom or sulfur atom Is preferable, and the one whose Includes a sulfur atom Is particularly preferable in terms of 
catalytic reactivity. Also, of all the carboxylic-acid-based resins Including an amide group having a structure expressed 
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by Formula (III), a carboxylic-acid-bosed resin having an amide group represented by q 1 whose cyclic unit Is three is 
preferable In terms of catalytic reactivity. 

[0026] A preferred carboxylic-acid-based resin (main body) Is a (meta)acrvllc-acld-based resin, and when the (meta) 
acrylic-acid-oa3ed resin Includes en amide group, a (meta)acryllc acld-(meta)acrylamides copolymer and a (meta) 

s acrylic acld-vlnylpyrolldones polymer are preferable. The (meta)acrylic aoid-(meta)&crylamIdes copolymer Includes, 
but Is not Bmlted to, a (meta)acryllc acid-(meta)acry|amlde copolymer, a (mela)acryllc acld-N,N-dimethyl(meta)acryla- 
mlde copolymer, a (meta)acryllc acid-N-lsopropyl(meta)acrylamlde copolymer, a (meta)acrylic acid-N.N-dimethytaml- 
nopropyl(meta)acrylamlde copolymer. The (meta)acryllc acid-vlnylpyrolidones polymer Includes, but Is not limited to, 
an acrylic acid-N-vinylpyrolldones copolymer. 

io [0027] The carboxylic-acid-based resin made or a copolymer of the unsaturated monomer (A) with the unsaturated 
monomer (B) Is not especially limited. The unsaturated monomer (A) Includes, but is not limited to, the above-mentioned 
monomer containing a carboxyl group. 

[0028] A substitutional group expressed by Formula (VII) below may bond to a nitrogen atom composing the amide 
group or either the amide or amino group of the unsaturated monomer (B). 

75 

-H^H r ) ft3 .Y 3 -] ffl3 -« 13 (VII) 

where n 3 represents an integer from one to six, Y 3 represents -O-, -S-, -NR H -, or -CH r , R 14 represents a hydrogen 
20 atom or hydrocarbon having up to five carbons, represents an Integer from zero to six, R 13 , when m 3 *0, represents 
a hydrogen atom, hydrocarbon group having up to five carbons, or Bronsted acid residue and, when m=0, a hydrogen 
atom or hydrocarbon group having up to five carbons. Further, a carboxylic-acid-based resin may be a copolymer of 
the unsaturated monomer (A) with the unsaturated monomer (B) and the above-mentioned comonomer. Note that a . 
Brensted acid residue referred In Formula (VI I) is a group liberating a proton such as a carboxyl group, phosphate 
25 group, a phosphite group, sulfonate group, and hydroxyl group. Note that the Brsnsted acid residue group referred In 
the present Invention Includes a hydrocarbon group having up to Ave carbons and at least one hydrogen atom substi- 
tuted by the above group liberating a proton. 

[0029] One or more than one of these carboxyll c-a old-based resins are used as occasion demands. Note that a 
process of producing the carboxylic-acid-cased resin is not especially limited. 

30 [0030] Although It depends on the kinds of the unsaturated aldehyde, reaction conditions, etc., the ratio or the number 
of nitrogen containing groups and the number of carboxyl groups of a carooxylioacld-based resin (the number of the 
nitrogen containing groups/the number of carboxyl groups) is preferably in a range between 1/1000 and 1/1, more 
preferably In a range between 1 /1 00 and 1/1 .5(2/3), and most preferably in a range between 1/20 and 1/2. The nitrogen , 
containing group referred herein Is an amide group having a structure expressed by Formula (II), (III), or (IV) or amide 

35 group residue derlvad from the unsaturated monomer (3). Neither a ratio smaller than 1/1000 nor a ratio greater than 
1/1 is preferablB, because the consecutive reaction (side reaction) of the reaction product, namely, hydroxyelkanal, 
can not be curbed. 

[0031] When the carboxylie-acJd-based resin is a {meta)acryl)c ac|d-(meta)acryl amides copolymer, an amount of 
(meta)acrylanmde in the copolymer Is determined in a range between 0.1 percent by mole and 50 percent by mole 
4° depending on the kinds of the unsaturated aldehyde, reaction conditions, etc. Further, when the carboxylic-acid-based 
resin Is a (meta)acryllc acid-vinylpyroltdonas copolymer, an amount of a vlnylpyrolidone In the copolymer Js determined 
in a range between 0.1 percent by mole and 50 percent by mole depending on the kinds of the unsaturated aldehyde, 
reaction conditions. 

[0032] A metal-carrying carboxylic-acid-based resin Is preferable to obtain hydroxyelkanal at high selectivity and 
45 yield. Metal referred herein includes copper, lead, nickel, zinc, iron, cobalt, bismuth, tin, antimony, alkaline earth metal. 
Of ail these examples, copper, and In particular, lead are preferable because hydroxyelkanal can be produced at high 
selectivity and yield. 

[0033] Although It depends on the composition of a carboxyllc-acld-based resin, an amount of metal earned by the 
carboxylic-acid-based resin is preferably In a range between 0.001 percent by weight and 10 percent by weight, and 

60 more preferably in a range between 0.01 percent by weight and 5 percent by weight, and most preferably In a rangB 
between 0.01 percent by weight and 1 percent by weight. A metal carrying amount less than 0.001 percent by weight 
is not preferable because it is insufficient to realize the effect of having the meatat be carried by the resin. A metal 
carrying amount exceeding 1 0 percent by weight is not preferable either because the yield of hydroxyalkanal is reduced. 
Note that "carrying" referred herein does not specify a particular form, In other words, either a salt or chelate and either 

« an adsorption type or Inclusion type will do. Also, either metal Ions or metal will do. Examples of metal Ions are an 
oxide, a hallde, a sulfide. 

[0034] A process of having the metal be earned by a carboxylio-acld-based resin is not especially limited, and any 
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Known method js applicable. For example, when lead Is to be carried by a carboxytlc-acld-based resin, the carboxylio 
acid-based resin Is soaked In a solution of a predetermined amount of lead compounds, such as a lead nitrate or lead 
acetate, and stirred under predetermined conditions to perform a cation exchange. Subsequently, the carboxylic-acid- 
based resin is collected by filtration or the like and rinsed with water, 
5 [0035] The carboxyllc-acld-based resin thus obtained is not necessarily dissolved uniformly In an unsaturated aide- 
hyde solution, and the state of the carboxylic-ecid-based resin In the unsaturated aldehyde Is not especially limited; 
however, a solid carboxylic-acid-based resin Is preferred- A crossljnking agent may be used In producing the carboxylic- 
acid-basBd resin, and neither an adding amount nor the kind thereof Is especially limited. 

[0036] The reason why a metal-carrying carboxyllc-acld-based resin exhibits an excellent catalytic action In producing 
to hydroxyalkanal out of an unsaturated aldehyde Is not apparent, but the metal-carrying carboxylic-acid-based resin Is 
assumed to curb the consecutive reaction of the reaction product, namely, hydroxyalkanal, 

[0037] In case that the unsaturated aldehyde Is acrolein, it is preferable 10 add 1 ,3- propanediol, which is derived 
from the object product, namely, 3- hydroxy pro penal, to the reaction solution to obtain 3-hydroxypropanal at high se- 
lectivity and yield. An adding amount of 1 ^.propanediol with respect to acrolein Is preferably In a range between 0.001 

f « percent by weight and 1 0 percent by weight, more preferably In a range between 0.01 percent by weight and 5 percent 
by weight, further preferably in a range between 0.1 percent by weight and 2 percent by weight, and most preferably 
□bout 1 percent by weight. An adding amount less than 0.001 percent by weight is not preferable because It Is Insufficient 
to realize the effect of adding 1 ,3-propanedtol. An adding amount exceeding 10 percent by weight is not preferable 
either because the yield of 3-hydroxypropanal is reduced. 

20 [0O3B] The reason why adding 1 ,3-propanediol to the reaction solution brings excellent action and effect in producing 
3-hydroxypropanal out of acrolein Is not apparent, but 1,3-propanedlol is assumed to bond to a oarboxyllo-acld-basad 
resin where the reaction takes place, so that the bonded portion will be masked to some extent, thereby curbing the 
consecutive reaction of the reaction product, namely, 3-hydroxypropanal. 

[0039] A metal-carrying ion exchange resin Is not especially limited. Any Ion exchange rosin which Is suitable for the 
25 hydration reaction of an unsaturated aldehyde will do. Metal carried by the Ion exchange resin is not especially limited 
either, but preferred metal is lead. An amount of the Ion exchange resin with respect to the unsaturated aldehyde Is 
not especially limited, and it can be determined depending on tha kinds of the unsaturated aldehyde and Ion exchange 
resin. A process of producing the Ion exchange resin is not especially limited. 

[0040] Although It depends on the composition of an Ion exchange resin, an amount of metal carried by the ion 
30 exchange resin is preferably In a range between 0.001 percent by weight and 10 percent by weight, more preferably 
In a range between 0-01 percent by weight and 5 percent by weight, and most preferably in a range between 0.01 
percent by weight and 1 percent by weight A matal-carrying amount less than 0.001 percent by weight is not preferable 
because It Is Insufficient to realize the effect of having the metal be carried by the Ion exchange resin. A metal-carryf ng 
amount exceeding 10 percent by weight is not preferable either because the yield of hydroxyalkanal Is reduced. 
35 [0041] A process of having the metal be earned by an ion exchange resin is not especially limited, and It can be done 
In the same manner as the metal-carrying carboxyllc-acld-based resin. 

[0042] The carboxyllc acid added to the reaction solution in the present Invention as occasion demands Is not es- 
pecially limited, and either a monocarboxyllo acid or polycarboxylic add will do. Examples of the carboxylic acid are: 
(1) a monocarboxyitc acid, such as a formic acid, an acetic acid, a (metajacryllc acid, and (2) a dicarboxyllc acid, such 
40 as an oxalic acid. Of all these examples, a polycarboxylic acid, in particular, a dicarboxyllc acid, such as oxalic acid, 
is preferable. 

[0043] An adding amount of the carboxyllc acid to the reaction solution with respect to the unsaturated aldehyde is, 
although It depends on the kinds of the unsaturated aldehyde and carboxyllc acid, etc., preferably in a range between 
0,01 percent by weight and 10 percent by weight, more preferably in a range between 0.01 percent by weight and 5 
45 percent by weight, and most preferably in a range between 0.01 percent by weight and 3 percent by weight. An adding 
amount less than 0.01 percent by weight Is not preferable because it is not sufficient to realize the effect of adding the 
carboxyllc acid. An adding amount exceeding 10 percent by weight Is not preferable either because the yield of hy- 
droxyalkanal Is reduced. 

[0044] A reaction temperature at which an unsaturated aldehyde Is hydrated using a catalyst is not especially limited, 
so but a preferable range is between 50°C and 250°C. in case that acrolein Is used as the unsaturated aldehyde, a 
preferable range Is between 50°C and 140"C. A reaction temperature below 5D"C Is not economically preferable be- 
cause a reaction rate Is decreased and a hydration reaction takes a long time. A reaction temperature exceeding 250°C 
is not preferable either because the unsaturated aldehyde triggers a side reaction, such as polymerization, end thus 
reduces tha yloid of hydroxyalkanal. 
55 [0045] The present invention can be performed in a batch, semi-batch, or continuous manner, but in any case, a 
closed vassal Is preferred for the reaction step. A reaction pressure Inside the closed vessel Is not especially limited, 
but e preferable range Is between 0.1 MPa and 2 MPa. In case that a reaction takes place below a boiling point of the 
unsaturated aldehyde. It Is preferable to apply a reaction pressure In a range between 0.1 MPa and 0.5 MPa to the 
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reaction vessel by taking a vaporization pressure of the unsaturated aldehyde and other Ingredients Into consideration. 
The above reaction pressure is applied, for example, by filling an inert gas(N 2 gas, He gas, etc.) Into the reaction 
vassal. The higher the reaction pressure, the more the unsaturated aldehyde dissolves In water and the highBr the 
yield of hydroxyalkanal becomes. On the other hand, the anti-pressure structure of the reaction vessel must be rein- 
s forced, which increases the size of the vessel undesirably. Thus, when setting a reaction pressure, these factors must 
be taken into consideration. 

[0046] When the reaction ends, the object product, namely, a hydroxyalkanal solution, can be readily obtained by a 
simple separation process, such as filtration and distillation. Further, hydroxyalkanal can be readily separated from the 
solution if so desired. In case of 3-hydroxyalkanal of hydroxyalkanals, it may exist in the form of a herniacetal and an 
10 acetal In the solution, but they can be easily converted Into 3-hydroxyalkanal, Likewise, hydroxyalkanal, in the presence 
of alcohol, may exist In the form of a herniacetal and an acetal Of the corresponding alcohol, but they can be easily 
converted into hydroxyalkanal. 

[0047J Note that collected water, carhoxyllc-acid-based resin and ion exchange resin serving as a catalyst, carboxyllc 
acid, and unreacted unsaturated aldehyde can be used repetitively for the hydration reaction. 
is [0048] Hereinafter, the present Invention Is Blustrated by the following examples of a preferred embodiment in com- 
parison with comparative examples not according to the invention. However, the present invention is not limited to the 
undermontlonad examples. Note that a conversion of the unsaturated aldehyde expressed by Formula (I) and the 
selectivity of the resulting hydroxyalkanal are defined as follows: 

20 (1) a conversion of unsaturated a!dehyde(%) = {the mole number of consumed unsaturated 

aldehyde/the mole number of supplied unsaturated aldehyde) x 100 



' : ° (2) Selectivity of hydroxyalkanal(%) a (the mole number of unsaturated aldehyde 

converted into hydroxy alkanal/the mole number of consumed unsaturated aldehyde) x 100 

50 (3) Selectivity of dlmerized hydroxyalkanal (%) = (the mole number of unsaturated aldehyde 

converted Into dlmerized hydroxyalkanal /the mole number of consumed unsaturated aldehyde) x 100. 

3S [0049] The amounts of the unsaturated aldehyde, hydroxyalkanal, and dlmerized hydroxyalkanal are measured In 
any known manner, and gas chromatography (GC), one of known methods, Is used in the present invention. 

[FIRST EXAMPLE] 

40 [0050] A predetermined amount of water is poured into a reaction vessel equipped with a thermometer, a stirring 
instrument, and the like, and a predetermined amount of an unsaturated aldehyde, namely, acrolein, is also poured 
Into the reaction vessel, so that the density of the resulting solution Is 17 percent by weight. Next, a predetermined 
amount of a catalyst, namely, acrylic acid-acrylamide copolymer (carboxylic-acld-based resin), Is added to the solution. 
The amount of acrylarntoe in the acrylic acld-scrylamlde copolymer is 5 percent by mole. The above reaction solution 

4$ is subject to reaction for three hours with stirring at 80*C to hydrate acrolein. The reaction conditions are set forth in 
TABLE 1 below. 

[0051] When the reaction ends, the resulting reaction solution Is filtered, and analyzed In a predetermined manner, 
the results of which are set forth below and TABLE 2 below. 

so (1) conversion of acrolein : 44% 

(2) selectivity of 3-hydroxypropana! : 57% 

(3) selectivity of dimerized 3-hydroxypropanal: 9% 

(4) selectivity of hydroxyalkanal : 66% 
(total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
10052] There Is produced a solution containing fi.1 percent by weight of 3-hydroxypropanal and 1.3 percent by weight 
of dimerized 3-hydroxypropanat both obtained as the result of the above hydration reaction. A known raney nickel 
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catalyst Is added to the resulting solution to hydrogenate 3-hydroxypropanal and dimerized 3-hydroxypropanaL Reac- 
Uon conditions are: a hydrogen pressure of 10 MPa, a reaction temperature of 60 6 C. and reaction time of six hours. 
When the reaction ends, the resulting solution Is analyzed and It is acknowledged that there is produced 1 ,3-propanedioi 
in an amount equal to a total of 3-hydroxypropanal and dlmarized 3-hydroxypropanal. In other words. 1 ,3-propanedlol 
5 Is quantitatively produced. This indicates that dlmertzed 3-hydroxypropanal Is converted into 1 ^propanediol by a 
known hydrogenatlon process. 

[SECOND EXAMPLE] 

to [0053] An analysis is conducted in the same manner as the first example except that lead Is carried by acrylic acld- 
acrylamide copolymer serving as the catalyst. 2.5 percent by weight of 1 ,3-propanedlol with respect to acrolein is added 
to the reaction solution, and the reaction temperature Is Increased to OFC. An amount of lead carried by the acrylic 
acld-acrylamide copolymer Is kept equal to or lower than a predetermined level, namely, not more than 5 percent by 
weight The reaction conditions are set forth In TABLE 1 below. 

ts [0054] The results of the analysis are set forth below and TABLE 2 below. 

(1) conversion of acrolein : 51% 

(2) selectivity of 3-hydroxypropanal : 77% 

(3) selectivity of dlmertzed 3-hydroxypropanal: 15% 
20 (4) selectivity of hydroxyalkanal : 92% 

(total of (3) and (A)) 

The catalyst used herein renders excellent heat resistance and can bB used repetitively for the hydration reaction. 
25 [THIRD EXAMPLE] 

[0055] An analysis is conducted In the same manner as the second example except that the density of acrolein Is 
Increased to 28 percent by weight from 17 percent by weight. The reaction conditions ere set forth in TABLE 1 below. 
[0056] The results of the analysis are set forth below and TABLE 2 below, 

30 

(1) conversion of acrolein : 30% 

(2) selectivity of 3-hydroxypropanal : 64% 

(3) selectivity of dimerized 3-hydroxypropanal: 23% 

(4) selectivity of hydroxyalkanal : 67% (total of (3) and (4)) 

35 

The catalyst used herein renders excellent heat resistance and can bo used repetitively for the hydration reaction. 
[FOURTH EXAMPLE] 

40 [0057] An analysis.la conducted in the same manner as the third example except that the amount of acrylamlde Ih 
the acrylic acld-acrylamide copolymer Is Increased to 20 percent by mole from 5 percent by mole. The reaction con- 
ditions are set forth in TABLE 1 below. 

[0058] Tho results of the analysis are set forth below and TABLE 2 below. 

<b (1) conversion of acrolein : 56% 

(2) selectivity of 3-hydroxypropanal : 67% 

(3) selectivity of dimerized 3-hydroxypropanal: 12% . 

(4) selectivity of hydroxyalkanal : 79% 
(total of (3) and (4)) 

50 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[FIFTH EXAMPLE] 

es [0059] An analysis is conducted In the same manner as the third example except that acrylic add-N,N-dimethylacr- 
ylamide copolymer Is used instead of acrylic acid-aorylamlde copolymer. The amount of N,N.dimethylaery1amide acid- 
N.N-dimethylacrylamlda In the acrylic copolymer Is 5 percent by mote. The reaction conditions are set forth in TABLE 
1 betow. 
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[0060] The results of the analysis are set forth below and TABLE 2 below. 

(1 ) conversion of acrolein ; 41 % 

(2) selectivity of 3-hydroxyprcpartal : 60% 

s (3) selectivity of dlmerired 3-hydroxypropapal: 20% 

(4) selectivity of hydroxyatkanaJ : 80% 
(total of (3) and (4)} 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 

10 

[SIXTH EXAMPLE] 

[0061] An analysis Is conducted in the same manner as the third example except that acrylic acld-N-lsopropylacry- 
lamide copolymer is used instead of acrylic acid-acrylamide copolymer The amount of N-isopropy|acryJamide In the 
ie acryGc acid-N-lsopropylacrylamide copolymer Is 5 percent by mole. The reaction conditions are set forth In TABLE 1 
below. 

[0062] The results of the analysis are set forth below and TABLE 2 below. 

(1) conversion of acrolein : 42% 

20 (2) selectivity of 3-hydroxypropanal : 57% 

(3) selectivity of dimeri zed 3-hydroxypropanal: 19% 

(4) selectivity of hydroxyalkanal ; 76% 
(total of (3) and (4)) 

25 The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[SEVENTH EXAMPLE] 

[0063] An analysis Is conducted In the same manner as the third example except that acrylic acld-N.N-dlmethyfaml- 
nopropylacrylamide copolymer is used Instead of acrylic acid-acrylamide copolymer. Tha amount of N.N-dimethylamh 
nopropyiacrylamlde acid-N.N-dlmethylamlnopropylacrylamlde In the acrylic copolymer 16 5 percent by mole. The re- 
action conditions are sat forth In TABLE 1 below. 

[0064] Trie results of the analysis are set forth below and TABLE 2 below. 

3fi (1 ) conversion of acrolein : 46% 

(2) selectivity of 3-hydroxyprapanal : 57% 

(3) selectivity of dimerized 3-hydroxypropanal: 1 8% 

(4) selectivity of hydroxyalkanal : 75% 
(total of (3) and (4)) 

40 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[EIGHTH EXAMPLE] 

45 [0065] An analysis is conducted In the same manner as the third example except that acrylic acld-N.N-dlethylacry- 
lamlde copolymer Is used instead of acrylic acld-acrylarnlde copolymer. The amount of N,N-diethylacrylamide in the 
acrylic acid-N.N-diethyfacrylamlde copolymer is 5 percent by mole. The reaction conditions are set forth In TABLE 1 
below. 

[0066] The results of the analysis are sat forth below and TABLE 2 below. 

50 

(1) conversion of acrolein ; 58% 

(2) selectivity of 3-hydroxypropanal : 66% 

(3) selectivity of dimerized 3-hydroxypropanal: 12% 

(4) selectivity of hydroxyalkanal ; 77% 
56 (total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
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[NINTH EXAMPLE] 

[0067] An analysis Is conducted In the same manner as the first example except that acrylic acid-N.N-dtmethylaml- 
nopropylacrylamlde copolymer is used instead of acrylic acld-acrylamlde copolymer, 1.3 percent by weight of 1 ,3-pro- 
s panedlol with respect to acrolein Is added to the reaction solution, and a reaction temperature is increased to 90°C. 
The amount of N,N-dimathyIaminopropy|acrylamide In meaciylicacW-N.N-dlmethylamlnopropylacrylarnidecopolymer 
is 5 percent by mole. The reaction conditions are set forth In TABLE 1 below. 
[0068] The results of the analysis are set forth below and TABLE 2 below. 

10 (1) conversion of acrolein : 30% 

(2) selectivity of 3~hydroxypropanal : 64% 

(3) selectivity of dimerized 3-hydro*ypropanal: 16% 

(4) selectivity of hydroxyalkanal : 30% 
(total of (3) and (4)) 

15 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[TENTH EXAMPLE] 

20 [0069] An analysis is conducted In the same manner as the first example except that acrylic add-N-vlnylpyrolktone 
copolymer Is used Instead of acrylic acW-acrylamida copolymer, and 2,5 percent by weight of 1 ,3-propanediol with 
respect to acrolein is added to the reaction solution. The amount of N-vinylpyrolidone in the acrylic acld-N-vlnylpyro- 
lldone copolymer is 5 percent by mole. The reaction conditions are set forth In TABLE 1 below, 
[0070] Tha results of the analysis ara set forth below and TABLE 2 below. 

25 

(1) conversion of acrolein : 28% 

(2) selectivity of 3-hydroxypropanal : 71% 

(3) selectivity of dimerized 3-hydroxypropanal: 8% 

(4) selectivity of hydroxyalkanal : 79% 
30 (total of (3) and (4)) 

The catalyst used herein renders excellent haat resistance and can be used repetitively for the hydration reaction. 

[ELEVENTH EXAMPLE] 

35 

[0071] An analysis Is conducted in the same manner as the tenth example except that the density of acrolein is 
Increased to 28 percent by weight from 17 percent by weight. The reaction conditions are set forth In TABLE 1 below. 
[0072] The results of the analysis are set forth below and TABLE 2 below. 

40 (1) conversion of acrolein : 17% 

(2) selectivity of 3-hydroxypropanal : 65% 

(3) selectivity of dimerized 3-hydroxypropanal: 9% 

(4) selectivity of hydroxyalkanal : 74% 
(total of (3) and (4)) 

45 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[FIRST COMPARATIVE EXAMPLE) 

[0073] An analysis Is conducted In the same manner as the second example except that an aluminium-carrying Ion 
exchange resJn Is used Instead of the lead-carrying acrylic acld-acrylamlde copolymer, the reaction temperature is 
lowered to 70°C f and no 1 ,3-propanediol is added to the reaction solution, Duollte C467, namely, "Duollte" of Rohm & 
Haas Co., is used as the ion exchange resin, and an amount of lead carried by the resin is kept equal to or lower than 
a predetermined level, namely, not more than 5 percent by weight The reaction conditions are set forth In TABLE 1 
55 below. 

[0074] The results of the analysis are set forth below and TABLE 2 below. 
(1) conversion of acrolein : 44% 
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(2) selectivity of 3-hydroxypropanal : 43% 

(3) selectivity of dimerized 3-hydroxypropanal; 5% 

(4) selectivity of hydnoxyalkanal : 51% 
(total of (3) and (4)) 

The catalyst used herein renders poor heat resistance and can not be used repetitively for the hydration reaction. 
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TABLE 1 (continued) 
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[0075] TABLE 2. reveals that using a carboxylic-acW -based rosin having a nitrogen containing group as a catalyst 
can Increase the reaction rate by heating while curbing the consecutive reaction of the reaction product, namely, 3-hy- 
droxypropanal. Thus. 3-hydroxypropanal can be produced at high selectivity and yield out of a high-density acrolein 
solution. In addition, the catalyst retains excellent heat resistance and can be used repetitively. 

5 

[TWELFTH EXAMPLE] 

[0076] A predetermined amount of water is poured Into a reaction vessel equipped with a thermometer, a stirring 
instrument, and the like, and a predetermined amount of acrolein Is also poured Into the reaction vessel, so that the 

to density of the resulting solution Is 17 percent by weight. Also, a predetermined amount of lead-carrying Ion exchange 
resin and 2.5 percent by weight of a carboxylic acid, namely, an oxalic acid, with respect to acrolein are added to the 
above solution. "Duolite" of Rohm & Haas Co., Is used as the ion exchange resin, and an amount of lead carried by 
the resin Is kept equal to or lower than a predetermined level, namely, not more than 5 percent by weight. 
[0077] The above reaction solution Is subject to reaction for two hours with stirring at 60° C to hydrate acrolein. When 

is the reaction ends, the resulting reaction solution is filtered, and analyzed in a predetermined manner, the results of 
which are set forth below. 

(1) conversion of acrolein : 53% 

(2) selectivity of 3-hydroxypropanal : 85% 

20 (3) selectivity of dimerized 3-hydroxy propanal : 1 3% 

(4) selectivity of hydroxyalkanal : 98% 
(total of (3) end (4)) 

[THIRTEENTH EXAMPLE] 

25 

[0078] An analysis Is conducted in the same manner as the twelfth example except that the density of acrolein is 
increased to 29 percent by weight from 17 percent by weight, and the reaction time Is Increased to threB hours, the 
result of which are set forth below. 

^0 (1) conversion of acrolein: 65% 

(2) selectivity of 3-hydroxypropanal : 40% 

(3) selectivity of dlmerlzed 3-hydroxypropanal : 14% 

(4) selectivity of hydroxyalkanal ; 54% 
(total of (3) and (4)) 

35 

[SECOND COMPARATIVE EXAMPLE] 

[0079] An analysis is conducted in the same manner as the twelfth-fifth example except that a carboxylic acid, namely, 
an oxalic acld p Is omitted, the results of which are set forth below. 

40 

(1) conversion of acrolein : 55% 

(2) selectivity of 3-hydroxypropanal : 79% 

(3) selectivity of dimerized 3-hydroxypropanal: 10% 

(4) selectivity of hydroxyalkanal : 89% 
«a (total of (3) and (4)) 

Here, the conversion of acrolein is low and an abundance of products are produced as a result of the consecutive 
reaction of 3-hydroxypropanal. 

[0080] The results of the twelfth and thirteenth examples reveal that, when a catalyst Is a lead-carrying Ion exchange 
so resin and an oxalic add Is added to the reaction solution, not only an Industrially advantageous short-time conversion 
of acrolein can be improved, but also the consecutive reaction of the reaction product, namely, 3-hydroxypropanal, is 
curbed. Thus, 3-hydroxypropanal can be produced at high selectivity and yield out of a high-density acrolein solution. 



96 Claims 

1. A process of producing a hydroxyalkanal comprising hydratlng an unsaturated aldehyde of the general formula 
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R 

H 3 C=CCHO (1) 



In which R Is a hydrogen atom or a hydrocarbon group having up to five carbon atoms, In solution In the 
presence of a carboxylic acid-based resin containing at least one substituent group selected from those of the 
general formulae 

10 

X-(-OT 3 -), 1 -C-N-[-(-CK 2 -) ai -y 1 -]„ i -R 3 (II) 
0 * 



In which each of and R 2 is a hydrogen atom, a hydrocarbon group having up to five carbon atoms or •(• 
CH 2 -) pl -X, each of p 1$ it, and m, is zero or an Integer from one to six, n, Is an Integer from one to six, Y 1 Is 
one of -0-, -S- and -NR 3 -, R 3 is a hydrogen atom or a hydrocarbon group having up to five carbon atoms and 
20 x represents the carboxylic acid-based resin main body; 



X-(-CH 2 -)^N C = O (III) 

I- (-CR«R 5 -) ql ' 

In which each of R 4 and R$ Is a hydrogen atom or a hydrocarbon group having up to five carbon atoms, kg Is 
zero or an Integer from one to six. q t is an Integer from three to six, and X represents the carboxylic acid- 
based resin main body; 



X- (-CH a -) k3 -N-C-R, (IV) 
I II 

36 R 6 O 

In which Re Is a hydrogen atom, a hydrocarbon group having up to five carbon atoms or K-CHj-^X, P2 
2ero or an Integer from one to six, R 7 is a hydrocarbon group having up to five carbon atoms or -t-CH 2 -)pa-X, 
each of p 3 and k a te zero or an Integer from one to six, and X represents the carboxylic acid-based resin main 
AO hody, and wherein the ratio of carboxyl groups to nitrogen containing groups in the carboxylic acid-based resin 

ranges from 1/1000 to 1/1. 

2. A process according to claim 1 in which the carboxylic acid-based resin Is a copolymer of an unsaturated monomer 
(A) containing a carboxyl group and an unsaturated monomer <B) containing an amide group or both an amino 

45 and an amide group. 

3. A process according to claim 2, wherein the nitrogen atom of the amino group and/or amide group of the unsaturated 
monomer (B) carries a substituent group of the general formula 

" ■l-KH r ) n 3.Y3.] m3 .R 13 (VII) 

in which n 3 is an integer from one to six, Y 3 Is one of -0-, -S-, -NR^- and -CH 2 -, R 14 is a hydrogen atom or a 
hydrocarbon having up to Ave carbon atoms, n^ is zero or an integer from one to sbt and R 13 Is a hydrogen atom, 
& a hydrocarbon group having up to five carbon atoms or a Bnansted acid residue when m 3 » 0, or is a hydrogen 

atom or a hydrocarbon group having up to five carbon atoms when mj = 0. 
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4. A process according to any one of claims 1 to 3, wherein the carboxylic acid-based rasln carries at least one metal. 

5. A process according to claim 4, wherein the metal ts selected from copper, lead, nickel, zinc. Iron, cobalt, bismuth, 
tin, antimony and alkaline earth metals. 

5 

6. A process according to claim 4 or claim 5, wherein Uie amount of metal carried by the carboxylic acid-based resin 
is from 0.001 to 10 parcent by weight. 

7. A process according to any one of claims 1 to 6, wherein the carboxylic acid-based resin is a (meth)acryllc acid- 
io based resin. 

8. A process according to claim 7, wherein the (meth)acryllc acid-based resin Is selected from (meth)acryilc add- 
(meth)acrylamide copolymers and (moth)acrylic acid- vinylpyrrolidone copolymers. 

is 9. a process according to claim 1 1n which the carboxylic add based resin is a metal-carrying Ion exchange reeln. 

10. A process according to claim 9, wherein an amount of metal carried by the ion exchange resin Is from 0.001 to 10 
percent by weight. 

30 11. A process according to claim 10, wherein the metal is lead. 

12. A process according to any one of claims 1 to 11 , wherein hydration is carried out at a temperature from 50 to 250° C. 

13. A process according to any one of claims 1 to 12, wherein hydration is carried out under a pressure from 0.1 to 2 
n MPa. 

14. A process according to any one of claims 1 to 1 3, wherein the density of the unsaturated aldehyde solution is from 
5 percent by weight to saturation. 

30 15. A process according to any one of claims 1 to 14, wherein unsaturated aldehyde is selected from acrolein, meth- 
acrolein, 2-formyl-1-butene, 2-formyM-pentflne, 2-formyM -hexene and 2-formyM-heptene. 

16. A process according to claim 15, wherein the unsaturated aldehyde is acrolein and wherein hydration Is carried 
out at a temperature from 60 to 140-0. 

35 

17. A process according to claim 1 6, carried out in the presence of 1,3-propanedlol. 

18. A process according claim 17, wherein the solution contains from 0.001 to 10 percent by weight 1 ,3-propanedlol 
with respect to acrolein. 

19. A catalyst for use in a process according to any one of claims 2 to 8 and 12 to 18, comprising a carboxylic acid- 
based resin of a copolymer of an unsaturated monomer (A) containing e carboxyl group with an unsaturated mon- 
omer (B) containing an amide group or both an amide and an amino group. 

45 20. A catalyst according to claim 19, having the features specified in any one of claims 3 to 10. 
Patentansprtiohe 

so 1. Verfahren zur Herstellung sines Hydroxy atdehyds, pel dam eln ungasattigter Aldehyd der allgemelnen Formal 

R 

* H 2 C = CCHO tI5 

In der R fur ein Wasserstoffatom odor eine Kohlenwasserstoffgruppe mlt bis zu fOnf Kohlenstotfatomen stent. 



40 
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In Losung In Gegenwart eines Harass auf Carbonsaurebaais hydrattelert wird, welches mindestens einan Sub- 
stituenten ausgewahlt aus solchen der allgemeinen Formeln 



10 



15 



20 



O Ri 



In der R t und R 2 Jewells fOr eln Wasserstoffatom, elne Kohlenwasserstoffgruppe mit bis zu funf Kohlenstoff- 
atomen oder-(-CH£-) p1 -X stehen, P 1t k 1 und m 1 Jeweils fur Null oder elne ganze Zahl von 1 bis 6, nj fur elne 
ganze Zant von 1 bis 6, Y t fOr -O. -S- oder -NR 3 -, R a fQr eln Wasserstoffatom oder eine Kohlenwasserstoff- 
gruppe mit bis zu funf Kohlenatoffatoman und X fur den Grundkorperdes Harzes auf CarboneSurebasis stehen, 



XM-CHa-ka-N- 

(III) 



.[-CR 4 R$-) ql - 



tn der R 4 und R 5 Jewells fur eln Wasserstoffatom Oder elne Kohlenwasserstoffgruppe mit Ws zu fQnf Kohien- 
2s stoffatomen. k 2 fur Null oder eine ganze Zahl von 1 bis 6, q 1 fur elne ganze Zahl von 3 bis 6 und X fur den 

Grundkorpar des Harzes auf Carbonsaurebasis stehen, und 

* I H (IV) 

in dBr Rg fQr eln Wasserstoffatom, eine Kohlenwasserstoffgruppe mit bis ZU funf KohlenstofTatomen oder -(- 
35 CH 2 -) p2 -X steht, p 2 fQr Null oder elne ganze Zahl von 1 bis 6, R 7 fQr eine Kohlenwasserstoffgruppe mit bis zu 

fQnf Kohlenstoffatomen odor -(-CH z -)p3-X, p 3 und K 3 Jewells fQr Null oder elne ganze Zahl von 1 bis 6 und X 
fQr den Grundkorpar des Harzes auf Carbonsaurebasis stehen, entbalt, und wobel das vbrhaitnte von Car- 
boxylgruppen zu Stjckstoff enthaitenden Gruppen in dem Harz auf Carbonsaurebasis Im Bereich von 1/1.000 
bis 1/1 Hagt. 

40 

2. Verfahren nach Anspruch 1 , be) dem das Harz auf Carbonsaurebasis eln Copolymer elnes ungesattigten Mono- 
mers (A) r das elne Carboxylgruppe enthalt, und elnes ungesattigten Monomers (B), das eine Amldgruppe Oder 
sowohl eine Amlnognjppe als auch elne Amldgruppe enthalt, 1st. 

45 3. Verfahren nach Anspruch 2, bel dem das Stlcksloffatom der Aminogruppe und/oder der Amldgruppe des unge- 
sattigten Monomers (B) einen Substituenten der allgemeinen Formel 



50 



WHa-^-Ya-U-R^ (VII) 

trSgt, In der n 3 fQr elne ganze Zahl von 1 bis 6, Y 3 fQr -$-, -NR 14 - oder -CH 2 -. R M fur eln Wasserstoffatom 
oder eine Kohlenwasserstoffgruppe mit bis zu fQnf Kohlenstoffatomen und m 3 fQr Null oder eine ganze Zahl von 
1 bis 6 stehan und R 13 fQr eln Wasserstoffatom, eine Kohlenwasserstoffgruppe mit bis zu funf Kohlenstoffatomen 
oder einen arensted-Sauraresl steht, wenn m 3 * 0 gilt bzw. fur eln Wasserstoffatom oder elne Kohlenwasserstoff- 
gruppe mit bis *u fQnf Kohlenstoffatomen steht, wenn = 0 gilt. 

4. Verfahren nach ainam der Anspruche 1 bis 3, bei dem das Harz auf Carboneaurobasis mindestens ein Metall tragt. 



17 



PAGE 45/69 * RCVD AT 2/12/2007 5:01:11 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/10 * DNIS:2738300 * CSID:281 834 1231 * DURATION (mm-s$):20-34 



FEB-12-2007 HON 04:13 PM EXXOKHOBIL 



FAX NO. 281 834 1231 



P. 



BP 0 713 853 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



5. Verfahran nach Anspruch 4, bel dem das Metall auegewilhlt wlrd aus Kupfer, Blal, Nickel, Zlnk, Eisen, Kobalt. 
Bismuth. Zinn, Antlmon und Erdalkalimetallen. 

6. Verfahren nach Anspruch 4 oder Anspruch 5, bel dem die Mange an an dem Harz auf Carbonsaurebasis gebun- 
denen Metall im Beraich von 0.001 bis 10 Gew.-% liegt, 

7. Verfahren nach einem dar Anspruche 1 bis 6, bei dem das Harz auf Carbonsaurebasis ein Harz auf (Meth-)Acryl- 
saure basis 1st. 

B. Verfahren nach Anspruch 7, bei dem das Harz auf (Meth-)Acry|saurebasis ausgewahtt wird aus (Meth-JAcrylsaure- 
(Metrv)Acrylamld-Copolymeren und <Metlv)Acryl$aure-VJnylj^rr^ldonXopolymeren. 

9. Verfahren nach Anspruch 1 , bel dam das Harz auf Carbonsaurebasis eln metalltragervdes lonenaustauseherhar* 
let. 

10. Verfahren nach Anspruch 9, bel dem die Menge an an dam lonenaustauscherfiarz gebundenen Metall Im Berelch 
von 0,001 bis 10 Gew.-% liegt. 

11. Verfahren nach Anspruch 10, bei dem das Metall Blel 1st. 

12. Verfahren nach ejnem der Anspruche 1 bis 11 , bej dem die Hydratisierung bel einer Temperatur von 50 bis 250 
°C durchgafOhrtwlrd. 

13. Verfahren nach einem der AnsprOche 1 bis 12. be! dem die Hydratisierung unter einem Druck von 0,1 bis 2 MPa 
durchgefiihrt wlrd. 

14. Verfahren nach alnem dar AnsprOcha 1 bis 1 3. bei dem die Konzentration der Losung des ungesattigten Aldehyds 
zwischen 5 Gew.-% und Satb'gung liegt. 

15. Verfahren nach einem der Anspruche 1 bis 14, bel dem der ungesattigte Aldehyd ausgewahlt wlrd aus Acrolein, 
Methacrolaln, 2-Formylbut-1-en, 2-Formy1pant-1-an f 2-Formylhex-1*en und 2-FormylhepM-en. 

16. Verfahren nach Anspruch 15, bel dem der ungesattigte Aldehyd Acrolein 1st und bel dem die Hydratisierung bel 
einer Temperatur von 50 bis 140 °C durchgefuhrt wird. 

17. Verfahren nach Anspruch 16, das In GegBnwart von Propan-1,3-diol ausgefOhrt wird. 

18. Verfahren nach Anspruch 17, bei dem die Losung bezogen auf das Acrolein 0.001 bis 10 Gew.-% Propan-1 >diol 
enthalt 

19. Katalysatorzur Verwendung in einem Verfahren nach einem der AnsprOche 2 bjs 8 und 12 bis 18, der mlndestens 
eln Harz auf Carbonsaurebasis eines Copolymers elnes ungesattigten Monomers (A), das eine Carboxylgruppe 
enthaJt, mit einem ungesattigten Monomer (B), das elne Amldgruppe odersowohl eine Amldgruppe ale audi eine 
Aminogruppe enthait, umfasst. 

20. Katalysator nach Anspruch 10. der die In einem der Anspruche 3 bis 10 angegebenen Merkmale besitzt. 



Revindications 

1. Precede da production d'hydroxyalcanal, comprenant I'hydratation d'un aldehyde insature de formule generale : 



dans (aquelle R represente un atome d'hydrogene ou un groupe hydrocarbone ayant jusqu'a 5 atomes de 



R 




(I) 
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carbone, en solution en presence d'une restne a base d'aclda carboxyliquB, contenant au moins un groupe 
de substitution choisi parmi ceux de formules generates : 



(id 

10 oCj chacun de et R 2 estun atome d'hydrog&ne, un groupa hydrocarbon* ayant jusqu'a 5 atomes de carbone 

ou -(-CH 2 -) P i-X, chacun de p lt et nr^ vaut zero ou est un entler de 1 a 6, ^ est un entler de 1 a 6, Y 1 est 
Pun de -0-, -S- et -NR 3 -, R 3 est un atome d'hydrogana ou un groupe hydrocarbone ayant jusqu'a 5 atomes 
de carbone, et X represente le corps principal de la resins a base d'aclde carboxylique : 



X-f-CH=4-N C=0 

1 lk2 1 ■ < 1 ... (Ill) 



N C= 



ou chBcun de n% et R s est un atome d'hydrogana ou un groupe hydrocarbone ayant jusqu'a 5 atomes de 
carbone, k 2 vaut 0 ou est un entier de 1 a 6, q, est un enUer de 3 a 6, et X represente le corps principal de (a 
resine a base d'aclde carboxylique ; 

x + CH r^N^ R7 (iv) 

R, O 

ou R fl est un atome d'hydrogana, un groupe hydrocarbons ayant jusqu'a 5 atomes de carbone, ou -i-CH^)^- 
X, p 2 vaut 0 ou B&t un entler de 1 a 6, R 7 est un groupe hydrocarbons ayant jusqu'a 5 atomes de carbone ou 
•(•CHsOps-X, chacun de p 3 et k 3 vaut 0 ou Bst un entier de 1 a 6 f et X represente le corps principal de la resine 
a base d'aclde carboxylique, 

le rapport des groupes carboxyle aux groupes azotes dans la resine a base d'aclde carboxylique etant sltue dans 
la plagaallant de 1/1000 a 1/1. 

a. Precede selon la revendlcatlon 1, dans (equal la resine a baso d'aclde carboxyHque est un copotymere d'un mo- 
nomer© Insature (A) contenant un groupe carboxyle et d'un monomere Insature (B) contenant un groupe amide 
ou tant un groupe amino qu'un groupe amide. 

3. Precede selon la revendicab'on 2, dans lequel I'atome d'azote du groupe amino et/ou du groupe amide du mono- 
mare Insature (B) porta un groupe substltuant da formula generals : 

-ff CH rfc Y ^ R » ' ••• < VII > 

dans laquelle r% est un entjer de 1 d 6, Y 3 est run de -O, -5-, -NR 14 « et -CH 2 -, R 14 est un atome d'hydrogene ou 
un hydrocarbure ayant jusqu'a 5 atomes de carbone, m 3 vaut 0 ou est un antjar da 1 a 6, at R 13 est un atoma 
d'hydrogene, un groupe hydrocarbone ayant jusqu'a 5 atomes de carbone ou un residu d'aclde de Bronsted quand 
m 3 * 0, ou blan est un atoma d'hydrogana ou un groups hydrocarbone ayant jusqu'a 5 atomes de carbone quand 
m 3 = 0. 

4. Precede salon Tuna quetconqua das revendlcatlons 1 a 3, dans lequel la r6sine a base d'acide carboxyfique com- 
ports au molns un metal. 
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5. Precede selon la revendication 4, dans lequel le metal est choisj parmi le cuivre, le plomb, le nickel, le zinc, la fer, 
le cobalt, le bismuth, retain, I'antlmolne at las metaux alcallno-terreux. 

6. Precede salon la revendication 4 ou la ravandlcatlon 5, dans lequel la quantite da metal presents dans la resine 
s a base d'acide carboxylique est da 0,001 a 10 % en poids. 

7. Precede salon Tune quelconque des revendications 1 a 6, dans lequel la resine a base d'acide carboxylique est 
una resine a base d'acide (meth)acryllque. 

10 fi. Procade salon la revendicatlon 7, dans lequel la resine a base d'acide (meth)acryilque est cholsls parrnl les co- 
polymeres acide (meth)acrylique/(meth)actylamide et les copofymeres aclde (meth)acrylique/vinylpyrrolidone. 

9. Procade salon la revendicallon 1, dans lequel la resine a base d'acide carboxylique est una resine echangeuse 
dtons comportant un metal. 

15 

10. Procade selon la revendication 9, dans lequel la quantite de metal presents dans la resine echangeuse d'lons est 
de 0,001 a 10 % en poids. 

11. Procetie selon la revendication 10, dans lequel le metal est le plomb. 

20 

12. Precede selon Puna quelconque des revendications 1 a 11, dans lequel I'hydratatjon est realises a una temperature 
de 50 a 250°C. 

13. Precede selon rune quelconque des revendications 1 a 12, dans lequel I'hydratatlon est realises sous une pression 
« deO,1a2MPa. 

14. Procade salon rune quelconque des revendications 1 a 13, dans lequel la concentration de la solution d'aldehyde 
Insature va de 5 % en polds a la saturation. 

m 15. Procade salon I'une quelconque des revendications 1 a 14, dans lequel I'aldehyde Insature estcholsl parrnl I'acro- 
« lelne, la methacroleine, le 2-forrnyl-1 -butane, le 2-formyl-l-pBntene, le 2'forrnyl-l-hexene et I e2-formy 1-1 -heptane. 

16. Precede selon la revendication 15, dans lequel I'aldehyde insature est I'acroleine et I'hydratation est realise & una 
temperature da SO a 140°C, 

35 

17. Precede selon la revendication 16, realise en presence de 1 >propanecTol. 

18. Precede selon la revendication 17, dans lequel la solution contientde 0,001 a 10 % en poids de 1,3-propanedlol 
par rapport a I'qcrolalna, 

40 

19. Cataiyseur a utlliser dans un procade salon Puna quelconque des revendications 2 a 8 et 12 a 16, comprenant 
une resine a base d'acide carboxylique en un copolymere d'un monomere insature (A) contenant un groupa car- 
boxyle et d'un monomere Insature (B) contenant un groupe amide ou tant un group* amide qu'un groupe amino. 

4* 20. Cataiyseur selon la revendication 19, ayarrt les caracteristlques speciflees dans i'une quelconque des revendica- 
tions 3 a 10. 
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